Objective To investigate the associations of diastolic blood pressure (DBP) and systolic blood pressure (SBP) with the risk of coronary heart disease, sudden cardiac and all cause death. in elderly men.
Introduction
Raised diastolic and systolic blood pressures are well established risk factors for coronary heart disease and stroke in middle-aged persons [1] . However, among elderly people it is still not clear how diastolic and systolic blood pressure levels are associated with coronary heart disease [2] . This may in part be explained by possible selection mechanisms in elderly cohorts [3] (i.e. selective survival of older people with unfavourable blood pressure levels). Factors related to the physiology of blood pressure in older people may also offer an explanation.
Diastolic blood pressure �ecreases with advancing age after age 60 years, whereas systolic blood pressure increases continuously with age [4, 5] . The lower diastolic blood pressure in the elderly has been associated with increased responsible for part of the increased morbidity and mor tality rates at the lower ends of the blood pressure dis tributions [5, 11, [20] [21] [22] [23] .
In the present study, we attempted to clarify these as sociations in elderly people further. Therefore, we in vestigated the associations of diastolic and systolic blood pressure and isolated systolic hypertension with the risk of coronary heart disease and with sudden cardiac death in elderly men followed for 5 years.
Methods

Population
The Zutphen Study is a longitudinal investigation of chronic disease risk f a ctors initiated in 1960 among middle aged men as the Dutch contribution to the Seven Countries Study [24) . In 1985, 555 men from the 1960 cohort were still alive and were invited for new examinations. In addition, a random sample (two-thirds) of all men of the same age living in Zutphen and not part of the 1960 cohort was invited to cake part in the study. From then on, the study was continued as the Zutphen Elderly Study. The study was approved by the Medical Ethics Committee of the University of Leiden, The Netherlands, in 1985. Of the 1266 men approached, 939 (74%) agreed to participate. One hundred and nine men (9%) could not be examined because of serious illness or death, 62 men (5%) had moved and 156 men (12%) refused to participate or could not be contacted. All of the subjects gave their written informed consent to participate in the study. Complete information on risk factors was available for 885 men aged 64-84 years.
Examinations
Physical examinations and dietary surveys took place be tween March and June 1985. Physical examinations were carried out by five trained physicians according to a stand ardized protocol. Diastolic (Korotkoff phase V) and systolic blood pressures were measured in duplicate with a random zero sphygmomanometer (Hawksley and Sons Ltd., Lan cing, Sussex, UK) in the right arm while subjects were supine. A standard cuff-size was used (12 cm x 23 cm), which was judged adequate for all of the men. The measurements were performed at the end of the physical examination. The mean of the two blood pressure values was used in the analyses. Categories of diastolic and systolic blood pressures and of isolated systolic hypertension were formed and the lowest category was always regarded as the reference category. Diastolic blood pressure was di vided into five categories. The first four categories con sisted of men not using antihypertensive medication with 75, 85 and 95 mmHg as cut-off values. The highest category consisted of men using antihypertensive medication re gardless of their blood pressure level. For systolic blood pressure we distinguished among four categories of which the first three consisted of men not using antihypertensive medication with 140 and 160 mmHg as cut-off values, and the highest category consisted of men using anti hypertensive medication. Isolated systolic hypertension was defined excluding men on antihypertensive med ication. A systolic blood pressure of 160 mmHg or higher and a diastolic blood pressure lower than 90 mmHg con stituted the definite category. A systolic blood pressure level between 140 and 160 mmHg with a diastolic blood pressure lower than 90 mmHg was indicative of borderline isolated systolic hypertension. Men with a systolic blood pressure lower than 140 mmHg and a diastolic blood pres sure lower than 90 mmHg constituted the reference cat egory ('no isolated systolic hypertension').
Height was measured to the nearest 0.1 cm and body weight was measured to the nearest 0.5 kg while the men were in their underwear. Body mass index [weight (kg)/ height (m)
2 ) was calculated. Non-fasting serum total and high-density lipoprotein (HDL) cholesterol were de termined enzymatically with the CHOO-PAP mono-testkit from Boehringer Mannheim (Almere, The Netherlands) (25, 26) . HDL was isolated after precipitation of apo lipoprotein B-containing particles by dextran sulphate-Mg 2 + [27) . The analyses were carried out in the standardized lipid laboratory of the Department of Human Nutrition, Agricultural University, Wageningen, The Neth erlands. Information on medication use, prescribed diets and smoking habits (missing for one person) was assessed with a standardized questionnaire. In the present study smoking was defined as never, former or current cigarette smoking. Information on alcohol consumption was assessed by trained dietitians with a cross-check dietary history [28) , adapted to the Dutch situation (29) . This information was available for 825 men. A possible history of symp tomatic coronary heart disease was also recorded during the baseline examination. The procedure through which this information was collected was the same as that for the follow-up of the disease (see Follow-up).
Follow-up
Information on the prevalence of coronary heart disease was obtained during the physical examination in 1985 and a similar examination between March and June 1990. For men who had not participated in the 1990 examination, information on major chronic diseases was obtained from a questionnaire for non-participants. Information on angina pectoris and myocardial infarction was obtained through the Dutch translation of a questionnaire developed at the London School of Hygiene and Tropical Medicine [30) . The diagnosis of angina pectoris was made when the following symptoms were present (30): chest pain or dis comfort located at the sternum or left chest and left arm resulting from the effort of walking or hurrying, compelling the patient to slow down or to take nitroglycerine, and relieved within 10 min of stopping the effort. For definite myocardial infarction the final diagnosis was based on whether two of the following three criteria were satisfied: a specific medical history (i.e. severe chest pain lasting for more than 20 min and not disappearing at rest), char acteristic electrocardiogram changes and specific enzyme elevations. All of the diagnoses were verified with hospital discharge data and written information from the subjects' general practitioners. All information was eventually coded by a single physician and the year of first diagnosis was recorded.
Information on the vital status of the part1c1pants was obtained until July 1990. One person had moved abroad and was lost to follow-up. The date on which he moved was used as his (censored) endpoint date. Information on the causes of death was obtained from the Dutch Central Bureau of Statistics, after verification with hospital discharge data and information from the de ceased's general practitioners. The causes of death were coded according to the 9th Revision of the International Classification of Diseases (ICD) [31 ] . Because of the frequency of possible comorbidity and comortality in elderly people the underlying cause of death is often difficult to esrablish. Therefore both the primary and the secondary cause of death were recorded in defining the endpoints. Death from coronary heart disease was defined by ICD codes 410-414 (n = 53), death from cerebrovascular disease by codes 430-438 (n = 29), death from cardiovascular diseases by codes 390-459 (n = 110) and death from cancer by codes 140-208 (n = 69).
Sudden cardiac death was coded by one trained expert who was blinded to the risk factor levels of the deceased. Because of limitations in the available information, sudden cardiac death was regarded to have occurred in the following two situations (n = 44). One was when death was documented to have occurred within 2 h of the onset of typical symptoms and no other causes of death were known. The other was for subjects with a history of heart disease: when mors subita was notified by the physician or death occurred unwitnessed (within 12 h of the man having been observed to be well). Men who died of coronary heart disease were also classified according to whether the cause of death was recorded as sudden (n = 30) or non-sudden (n = 23). The incidence of coronary heart disease was defined by the first occurrence ever of myocardial infarction, angina pectoris or mortality from coronary heart disease (n = 56).
Statistical methods
Statistical analyses were carried out using the SAS program (SAS Institute, Inc., Cary, North Carolina, USA; 1989-1993, version 6.10). All tests were two-sided. P< 0.05 was considered statistically significant. Differences in risk f ac tor levels between blood pressure categories were assessed using analysis of variance. Cox's proportional hazards (sur vival) analysis was carried out to investigate the associations between blood pressure variables and the endpoints of interest during 5 years of follow-up [32] . Dummy variables for the categories of blood pressure and covariates were used in the analyses. Tests for linear and quadratic trends were performed [32] . Associations were adjusted for age, body mass index, total and HDL cholesterol, cigarette smoking, alcohol consumption, use of medications known to lower blood pressure levels without a specific indication for hypertension and the physician who measured the blood pressure.
Results
At baseline, the mean diastolic and systolic blood pressure levels of the cohort were 85.4 and 151.1 mmHg, re spectively. Twelve per cent of the men were being ad ministered antihypertensive medication and both their diastolic and their systolic blood pressures were sig nificantly higher than those of men who were not being administered antihypertensive medication (P<0.001). Only 4.6% of the men being administered antihypertensive medication had diastolic and systolic blood pressure levels below 90 and 160 mmHg, respectively. The most common antihypertensive medications used by the participants were diuretics (59%) and �-blocking agents (40%), and 22% were using both. One hundred and thirty-six men were using medications known to lower blood pressure levels without a specific indication for hypertension, of which vasodilators (51 % ), diuretics (43%) and �-blocking agents (25%) were the most common. These men were significantly older (73.6 years versus 71.1 years, P<0.001) and had significantly lower diastolic and systolic blood pressure levels (80.3 versus 85.2 mmHg and 143.8 versus 149.7 mmHg, respectively, P<0.001 in both cases) com pared with men not using this type of medication.
Men with a diastolic blood pressure lower than 75 mmHg were significantly older than men with levels of 85 mmHg or higher, as were men with definite isolated systolic hypertension compared with men without this type of hypertension ( Table 1 ). The body mass index increased with increasing category of diastolic and systolic blood pressures. The mean total cholesterol level of men with a diastolic blood pressure between 75 and 94 mmHg was significantly higher than that of men in the lowest diastolic blood pressure category. HDL cholesterol was lowest among men being administered antihypertensive med ication compared with the reference blood pressure cat egories. There were no other significant differences between blood pressure categories.
Diastolic blood pressure was not associated with the in cidence of coronary heart disease (P-linear trend 0.38 and P-quadratic trend 0.69), but there was a U-shaped association with mortality from this disease [i.e. the risk was highest in men with a diastolic blood pressure lower than 75 mmHg and in men being administered anti hypertensive medication (Table 2) ]. The adjusted relative risk for sudden cardiac death increased gradually with increasing category of diastolic blood pressure. The highest risk was observed among men using antihypertensive medication. Since the associations of diastolic blood pres sure with coronary heart disease and with sudden cardiac death were discordant, additional analyses were performed. There was a positive association between diastolic blood pressure and mortality from coronary heart disease when sudden cardiac death had also been recorded (Fig. 1 a) . The risk for non-sudden coronary heart disease mortality was highest among men with the lowest diastolic blood pressure and among men being administered anti hypercensive medication (Fig. la) . Similar findings were observed for all-cause mortality ( Table 2) . Additional ana lyses did not reveal clear associations between diastolic blood pressure and cancer mortality (P-linear trend 0.85, P-quadratic trend 0.27), or mortality from causes other than cardiovascular diseases or cancer (P-linear trend 0.32, P-quadratic trend 0.25).
Systolic blood pressure was not significantly associated with the incidence of coronary heart disease (P-linear trend (l.35, P-quadratic trend 0. 78) or with mortality from the disease (Table 3) . However, a strikingly strong association was observed between systolic blood pressure and sudden cardiac death, the highest adjusted relative risk being observed among men using antihypertensive medication. Additional analyses revealed a positive association between systolic blood pressure and mortality from coronary heart disease when sudden cardiac death had also been recorded (Fig. 1 b) . For non-sudden coronary heart disease mortality however, the association was ll-shaped [i.e. the risk was highest in men with the lowest systolic blood pressure and in men being administered antihypertensive med ication (Fig. lb) ]. Systolic blood pressure tended to be associated positively with all-cause morrality and the rel ative risk attained statistical significance for men being administered antihypertensive medication. Systolic blood pressure was not associated with death from cancer (P linear trend 0.61, P-quadratic trend 0.57) or with death from causes other than cardiovascular diseases and cancer (P-linear trend 0.48, P-quadratic trend 0.46).
Regarding isolated systolic hypertension, the association with sudden cardiac death was even stronger than that Systolic blood pressure (mmHg)
Anti-hypertensive use
Relative risks for mortality from coronary heart disease and from coronary heart disease that was and was not recorded as sudden according to diastolic (a) and systolic (b) blood pressure categories in elderly men followed for 5 years.
Coronary heart disease mortality: •· overall (n = 53); +, recorded as sudden (n = 30); A, not recorded as sudden (n = 23). *P<0.05 compared to the relative risk in the lowest blood pressure category. Relative risks are adjusted for age, body mass index, serum total and high-density lipoprotein cholesterol, cigarette smoking, alcohol consumption, use of medications known to lower blood pressure levels without an indication for hypertension and the physician who measured the blood pressure.
described for systolic blood pressure. The relative risks were 4.23 (95% confidence interval 0.86-20.76) and 9.20 (1.76-47.97) for borderline and definite isolated systolic hypertension, respectively (P-value linear trend 0.005). Associations with coronary heart disease and all-cause mortality were lacking.
Age appeared to be an effect modifier in the associations of diastolic and systolic blood pressure with sudden cardiac death. Additional analyses were therefore performed for younger and older men using the median age of 71 years as a cut-off value ( Table 4 ). The younger men using antihypertensive medication had a fivefold higher death rate than did the older men using this medication. Apart from the men using antihypertensive medication, the differences in rates (i.e. the absolute risks) between blood pressure categories were generally larger for the older men, whereas the rate ratios (i.e. the relative risks) were generally smaller.
The use of medication known to lower blood pressure levels without an indication of hypertension was also an effect modifier in the associations of diastolic blood pres sure with sudden cardiac death (P = 0.024) and all-cause mortality (P = 0.064 ), and of systolic blood pressure with all-cause mortality (P = 0.051 ). Additional analyses re vealed that the associations were stronger among those who did not use this type of medication. This tended to be true for all associations observed. Regarding all-cause mortality, the adjusted association with diastolic blood pressure was linear instead of U-shaped (P-linear trend 0.038). For all other endpoints, the main conclusions were not altered after exclusion of men not using blood pressure lowering medication without an indication of hypertension.
Discussion
Sudden cardiac death and coronary heart disease Both diastolic and systolic blood pressures were strong predictors of sudden cardiac death in elderly men in this study. To the best of our knowledge, this endpoint has not been investigated previously in relation co blood pressure specifically in elderly persons, but the evidence for a positive association in middle-aged populations is con vincing [33] . The ascertainment of sudden cardiac death may have been more prone to misclassification than were the other endpoints in this study since the exact time between the first occurrence of symptoms and death was not always known. However, differential misclassification is not likely, since the expert who coded sudden cardiac death was blinded co the baseline risk factor levels of the deceased and thus it cannot be an explanation for our findings. A possible biological mechanism underlying the observed association may be an increased sympathetic drive unopposed by parasympathetic stimulation. This change in autonomic control has been described to occur with advancing age. Noradrenaline increases [34] and baroreflex sensitivity declines [7] with advancing age lead ing co increased sympathetic activity. In addition, sym pathetic stimulation increases blood pressure levels. Among the same group of elderly men from Zutphen, a prolonged heart rate-adjusted QT-interval on the elec trocardiogram was shown co be associated independently with the risk of sudden cardiac death [35] . It could be hypothesized that this abnormality in the elec trocardiogram results from ventricular electrical instability of the heart, which in turn may be a consequence of increased sympathetic activity. Evidence is accumulating for an important role of increased sympathetic activity and thus of increased blood pressure levels in predicting sudden cardiac death [36] , especially in elderly people.
No clear associations were observed between blood pres sure levels and the incidence of coronary heart disease in the present study. Although we included the incidence of angina peccoris in the definition of coronary heart disease, which is rather uncommon, additional analyses including only myocardial infarction and mortality from coronary heart disease (ICD codes 410-414) as an endpoint also did not reveal an association with systolic blood pressure. Clear linear relationships between blood pressure and coronary heart disease have also been lacking in other studies of elderly persons [2] . However, the risk of mor tality from the disease was elevated among men with the lowest diastolic blood pressure level and the risk of mortality from non-sudden coronary heart disease was also elevated among men with the lowest diastolic and systolic blood pressure levels. These findings may in part be explained by an increase in arterial stiffness [6] [7] [8] and a reduction in diastolic coronary flow [8, 10] with advancing age. These changes have been associated both with a reduced diastolic blood pressure [6] [7] [8] and with an increase in atherosclerosis [6, 9] and thus coronary heart disease [6] .
Concerning systolic blood pressure, we observed the lowest risk of non-sudden coronary heart disease mortality among men with a blood pressure of 160 mmHg or higher who were not being administered antihypertensive medication.
An elevated blood pressure may be necessary in the presence of stiffer arteries in order co guarantee adequate blood flow through the arteries [4] and may therefore be protective against non-sudden coronary heart disease mortality.
Both possible underlying mechanisms, increased sym pathetic activity and increased arterial stiffness ac companied by a reduced diastolic coronary flow, are probably present co varying extents in older people. The underlying factor (or factors) determining which mech anism predominates in people is not clear. Although an effort was made co distinguish among these possible mech anisms through the unique definition of the endpoints (i.e. sudden and non-sudden coronary heart disease death), it cannot be deduced from this study whether these mechanisms drive the observed associations.
All-cause mortality
Regarding all-cause mortality, there was an indication of an increased risk at the lower end of the diastolic blood pressure distribution and a linear positive association with systolic blood pressure, but the relative risks in the dif ferent categories did not attain statistical significance. However, the absolute excess risk of death in some of the blood pressure categories is considerable compared with the baseline category, although the relative risk remains small because of a high baseline rate. This phenomenon is often encountered in prospective studies in elderly populations [37] . Bulpitt and Fletcher [2] reviewed the epidemiological evidence for the relationship between blood pressure and mortality in elderly people recently and observed that the relationship was still not clear among the very old. Ve ry high baseline rates may offer an explanation, as we also observed in age-stratified analyses (data not shown). Another possible explanation for the weak association between blood pressure and all-cause mortality, and especially the elevated mortality risk at the lower diastolic blood pressure levels, could be increased morbidity with advancing age. The presence of illness may lower the blood pressure [ 5, 11, [21] [22] [23] and increases the risk of death [23] . However, no clear associations were observed between blood pressure levels and mortality from causes other than cardiovascular diseases. Additional adjustment for self-rated health and the presence of chronic diseases at baseline, such as cardiovascular diseases and cancer, also did not alter any of the associations investigated (data not shown). However, the association between diastolic blood pressure and all-cause mortality was a positive linear association when men using blood pressure-lowering medication without an indication of hyper tension were excluded from the analyses. This type of medication is usually prescribed to treat cardiovascular diseases and is thus indicative of the presence of these diseases in people while, at the same time, the blood pressure is lowered. Taylor In a recent Norwegian study among people aged 65 years or more [22] , the exclusion of men using blood pressure lowering medication reduced the ]-shaped association be tween diastolic blood pressure and all-cause mortality substantially. There may be a third phenomenon involved in our study. Possibly, associations between blood pressure variables and all-cause mortality are weak because of a dilution effect of positive associations observed with spe cific causes of death, such as sudden cardiac causes and cerebrovascular disease (data not shown). Indeed, 141 men died of causes other than sudden cardiac arrest or cerebrovascular disease.
Isolated systolic hypertension
We observed that isolated systolic hypertension was a very strong predictor of sudden cardiac death. This type of hypertension has long been recognized to be an important risk factor for cardiovascular diseases in elderly people [ 18] . The prevalence of isolated systolic hypertension increases with age [18] and is the result of decreased arterial compliance with advancing age [6] . Apart from isolated systolic hypertension, we also observed systolic blood pressure per se to be a stronger predictor of sudden cardiac death than was diastolic blood pressure. Although the importance of systolic versus diastolic blood pressure in predicting cardiovascular diseases increases with age, this predominance of systolic blood pressure has also been observed in middle-aged people [38] . Differences in the reproducibility of diastolic versus systolic blood pressure measurements may partly explain the differences in their predictive value.
Age as an effect-modifier
The associations of blood pressure levels with sudden cardiac death were stronger in the younger than they were in the older men of this cohort. However, the absolute rates and rate differences tended to be larger in the older men than they were in the younger ones. Therefore, the absolute impact of elevated blood pressure levels in an older population may be substantial, especially compared with the impact in middle-aged populations [37] . In con trast, for men being administered antihypertensive med ication the rates of sudden cardiac death were fivefold higher in the younger men than they were in the older men. These findings may be explained by selective survival of older men being administered antihypertensive med ication.
Antihypertensive medication use
Men being administered antihypertensive medication were at the highest risk of coronary heart disease, sudden cardiac death and all-cause death. The untreated blood pressure level of these men is not known and may be much higher than the level measured during the ex amination, which was already higher than the blood pres sure of the rest of the cohort. In addition, men being administeed antihypertensive medication generally had the highest prevalences of other risk factors for cardio vascular diseases. Therefore, these findings do n.ot suggest that the use of antihypertensive medication is causally associated with an increased risk of these endpoints. Rather, men being administered antihypertensive med ication in this study form a distinct group with a clustering of risk factors for cardiovascular disease, thus a group at increased risk for cardiovascular diseases. Regarding antihypertensive medication use in elderly people, clinical trials have provided evidence of significant reductions in blood pressure levels, cardiovascular diseases and all-cause mortality in people aged up to 80 years using diuretics or �-blockers, or both [2, 39] . Whether pharmacological treatment is beneficial after age 80 years has yet to be evaluated [2] .
The findings from this study suggest that, among elderly men followed for 5 years, elevated diastolic and systolic blood pressures, and especially isolated systolic hyper tension, are important predictors of sudden cardiac death. Elderly men being administered antihypertensive medication may form a distinct group with a clustering of risk factors for coronary heart disease and may be at the highest risk of coronary heart disease, sudden cardiac death and all-cause death. Apart from this group, there is a suggestion of an inverse association between blood pres sure levels and coronary heart disease mortality in elderly men. Both diastolic and systolic blood pressure levels are suggested to be associated positively with all-cause mortality when possible comorbidity at the time of blood pressure measurements has been accounted for.
